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a second lens group, arranged in an optical path between said first lens group 
and an image of said pattern, having a rfegative refractive power; 

a third lens group, arranged in an optical path between said second lens group 
and said image, having a positive refractive power; 

a fourth lens group, arranged in an optical path between said third lens group 
and said image, having a negative refractwe power and a first aspherical surface; 

a fifth lens group, arranged in an optical path between said fourth lens group 
and said image, having a positive refractive power and an aperture stop; 

wherein in said projection optical system, paraxial rays travelling parallel to 
the optical axis imagewise toward objectwiie inte/seqt the optical axis at a location Q 
between said fourth lens group and said ^ ens 

at least one of said fourth and! fifth lens groups includes a second aspherical 

1 

surface arranged between said first aspherica| surface and said aperture stop; 

said fifth lens group includes i third aspherical surface arranged imagewise of 
said aperture stop; and | 

I 

wherein the following condition is satisfied: 




0.01 < d Q / {L >|(1 - NA)} < 0.4 
wherein the image and the pattern are separated by a distance L, said location 

Q and said aperture stop are separated by a distance d Q , and NA is an 

1 

imagewise numerical aperture ofithe projection optical system.— 
-40. A device manufacturing method comprising the steps of: 

i 

coating a photosensitive material into a substrate; 

I 

projecting onto said substrate an image of a pattern of a reticle through a 



projection optical system; 
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developing said photosensitive material on said substrate, thereby forming a 
photoresist pattern; 

wherein said projection optical system comprises along an optical axis: 
a first lens group having a positive power; 

a second lens group, arranged in an optical path between said first lens group 
and an image of said pattern, having a negative refractive power; 

a third lens group, arranged in an optical path between said second lens group 
and said image, having a positive refractive power; 

a fourth lens group, arranged in an optical path between said third lens group 



and said image, having a negative refractive powerand a first aspherical surface; 




a fifth lens group, arrange! in an optical path between said fourth lens group 



and said image, having a positive refractive power and an aperture stop; 

wherein in said projection optical system, paraxial rays travelling parallel to 

1 

the optical axis imagewise toward objectwise intersect the optical axis at a location Q 
between said fourth lens group and said fifth lens group; 

i 

at least one of said fourth and fifth lens groups includes a second aspherical 

i 

surface arranged between said first aspherical surface and said aperture stop; 

said fifth lens group includes third aspherical surface arranged imagewise of 
said aperture stop; and 

wherein the following conditioners satisfied: 

0.01 < d Q / {L x^l - NA)} < 0.4 

wherein the image and the pattenl are separated by a distance L, said location 

\ 

Q and said aperture stop are separated by a distance d Q , and NA is an 
imagewise numerical aperture of tie projection optical system.— 
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-41. A method accordingtto claim 40, further comprising the step, after said 
developing step, of forming a patter* in said substrate based on said photoresist pattern.- 

-42. A projection optical system capable of forming an image of an object, 
comprising along an optical axis: 

a first lens group having a positive power; 
a second lens group, arranged in an optical path between said first lens group 
and an image of a pattern of said object, liaving a negative refractive power; 

a third lens group, arrangeU in an optical path between said second lens group 
and said image, having a positive refracti\|e power; 

I ft 

a fourth lens group, arranged in arf optical path between said third lens group 

I i y 

and said image, having a negative refractiv<| pow&ytffa a first aspherical surface; 

1 

a fifth lens group, arranged in an optical path between said fourth lens group 

| 

and said image, having a positive refractive power and an aperture stop; 



wherein in said projection optifcal system, paraxial rays travelling parallel to 

I 

the optical axis imagewise toward objectwise mtersect the optical axis at a location Q 
between said fourth lens group and said fifth lens group; 

at least one of said fourth and fifth lens groups includes a second aspherical 
surface arranged between said first aspherical surface and said aperture stop; 

I . , 

said fifth lens group includes a thfrd aspherical surface arranged imagewise of 
said aperture stop; 

said first aspherical surface is conclave and includes refractive power at a 
paraxial region and refractive power at a peripherji wherein said refractive power at said 
periphery is weaker than said refractive power at slid paraxial region; 
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said second aspheriial surface includes refractive power at a paraxial region, 
and refractive power at a periphery Awherein said refractive power at said periphery is more 
negative than said refractive power at said paraxial region; 

said third aspherical surface includes refractive power at a paraxial region, and 
refractive power at a periphery, wherein said refractive power at said periphery is more 
negative than said refractive power at said paraxial region; and 

wherein the following condition is satisfied: 

0.01 < dl / {L x (1 - NA)} < 0.4 

wherein the image and the pattern are separated by a distance L, said location 

V 
V 

Q and said aperture stop afre separated by a distance d Q , and NA is an 
imagewise numerical apei|ure olthe Rejection optical system.— 
-43 . A scanning projection exposure apparatus for projecting an image of a pattern 
on a reticle onto a photosensitive workpieae, comprising: 

a first stage that is movable along a scanning direction and supports said 

reticle at a first surface; 

an illuminating optical systei^ adjacent said first stage arranged so as to 

illuminate the reticle with light; 

a second stage that is movable Wong at least a scanning direction, for 

1 

supporting the photosensitive workpiece at a second surface; 

! 

a projection optical system, arranged in an optical path between said first 

I 

surface and said second surface, having a plurality of lenses and an aperture stop; 

V" 

[. 

wherein positions and shapes of said plurality of lenses and a position of said 



aperture stop are determined such that said light from said reticle is capable of being guided 

r 

to an exposure field on said workpiece with a maximum numerical aperture of at least 0.8; 
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wherein said exposure region has a first dimension perpendicular to said 
scanning direction, and a second dimension along said scanning direction; and 

wherein said first dimension is at least 15mm.— 
--44. A scanning projection exposure apparatus according to claim 43, wherein said 
exposure field has a slit shape, with sailjl first dimension of said slit shape being at least 
25mm.-- 

—45. A scanning projection exposure apparatus according to claim 43, wherein said 
plurality of lenses in the projection optical system include an aspherical lens surface.- 

-46. A scanning projection exposure apparatus according to claim 45, wherein said 
exposure field has a slit shape, with said firjst dimension of said slit shape being at least 
25mm.— 




—47. A scanning projection exposi|re apparatus according to claim 45, wherein said 
plurality of lenses in the projection optical syjstem include at least three aspherical surfaces. - 

—48. A scanning projection exposure apparatus according to claim 43, wherein the 
number of lenses objectwise of said aperture slop is at least six, and the number of lenses 

imagewise of said aperture stop is at least four.!- 

\ 

—49. A scanning projection exposure apparatus according to claim 48, wherein said 



plurality of lenses in the projection optical system include an aspherical lens surface.- 

\ 

—50. A scanning projection exposure apparatus according to claim 43, wherein said 
aperture stop has a variable size.— ^ 



—51. A scanning projection exposure app&ratus according to claim 50, wherein the 

H 

number of lenses objectwise of said aperture stop is(at least six, and the number of lenses 

j 

imagewise of said aperture stop is at least four.— i 
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—52. A scanning projection exposure apparatus according to claim 5 1 , wherein said 
plurality of lenses in the projection optical system include an aspherical lens surface. — 

—53. A method of patterning a photosensitive workpiece with a pattern present on a 
reticle, the method comprising the stqps of: 

illuminating said retic% with li ^t^o n^aid illuminating optical system of 
said apparatus according to claim 43; " 

projecting light from sa\d reticle with said projection optical system of said 
apparatus according to claim 43; and 

exposing said photosensitive workpiece over said exposure field.— 
—54. A projection optical system capable of forming a reduced image of an object 
onto an exposure field, comprising: 



a plurality of lenses arranged along an optical axis of the projection optical 



system; 



an aperture stop arranged among said plurality of lenses; 
wherein said plurality of lenses are arranged and formed so as to perform an 
imagewise maximum numerical aperture of at least 0.8 through the exposure field.— 

—55. A projection optical system according to claim 54, wherein said plurality of 
lenses includes an aspherical lens surface. 

—56. A projection optical system according to claim 55, wherein said exposure field 
has a dimension of at least 25mm.— 

—57. A projection optical system according to claim 55, wherein said plurality of 
lenses include a first positive group of lenses, a second positive group of lenses, and a 
negative group of lenses arranged between said first group of lenses and said second group of 
lenses.— 
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-58. A projection optical system according to claim 57, wherein said first positive 
group of lenses includes a negative lens, and said second positive group of lenses includes a 
negative lens.— 

--59. A projection optical system according to claim 57, wherein said aperture stop 
is arranged in said second group of lenses. -- 

-60. A projection optical systeA according to claim 57, wherein said plurality of 
lenses further includes an additional negative group of lenses arranged between said first 
group of lenses and said second group of len&s, and a third positive group of lenses is 
arranged between said negative group of lenses and said another negative group of lenses.-- 

-61. A projection optical system according to claim 55, wherein the number of 
lenses objectwise of said aperture stop is at least six, and the number of lenses imagewise of 
said aperture stop is at least four.— 

-62. A projection optical system according to claim 54, wherein said plurality of 
lenses includes at least three aspherical lens surfaces. - 

-63. A projection optical system according to claim 54, wherein said plurality of 
lenses including an aspherical lens surface with refractive power at a paraxial region and 
refractive power at a periphery, and wherein said refractive power at said periphery is weaker 
than said refractive power at said paraxial region.— 

-64. A projection optical systenVaccording to claim 55, wherein said plurality of 
lenses further includes an another aspherical Pens surface with refractive power at a paraxial 
region and refractive power at a periphery, and whereirusaid refractive power at said 
periphery is stronger than said refractive power at said paraxial region.- 

—65. A projection optical system according to claim 54, wherein said plurality of 
lenses includes an aspherical lens surface with refractive power at a paraxial region and 
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refractive power at a periphery, and wherein said refractive power at said periphery is 
stronger than said refractive power at said paraxial region.— 

—66. A projection optical system according to claim 54, wherein said aspherical 
lens surface has a refractive power at a paraxial region and a refractive power at a periphery, 
and wherein said refractive power at said periphery returns in the direction of said refractive 
power in said paraxial region.— 

—67. A projection optical system capable of forming an image of an object on a first 
surface onto a second surface, comprising: 

a first lens group, arranged in an optical path between said first surface and 
said second surface, having a negative refractive power and a negative lens; 

a second lens group, arranged in an optical path between said first lens group 
and said second surface, having a positwe refractive power and a positive lens; 

a third lens group, arranged in an /pjtical path between said second lens group 
and said second surface, having a negative refractive power and a negative lens; 

a fourth lens group, arranged in an optical path between said third lens group 
and said second surface, having a positive refractive power and a positive lens; and 

an imagewise maximum numerical aperture of at least 0.8.-- 
—68. A projection optical system according to claim 67, wherein said projection 
optical system comprises a plurality of lenses including an aspherical surface.-- 

—69. A projection optical system according to claim 68, wherein said aspherical 
lens surface has a refractive power at a paraxial ibgion and a refractive power at a periphery, 
and wherein said refractive power at said periphery is weaker than said refractive power at 
said paraxial region.— 




pplicationNo. 09/722,506 

—70. A projection optical iystem according to claim 69, wherein said aspherical 
lens surface has a refractive power at a paraxial region and a refractive power at a periphery, 
and wherein said refractive power at |aid periphery is stronger than said refractive power at 
said paraxial region.— 

—71. A projection optical system according to claim 68, wherein said aspherical 
lens surface has a refractive power at a paraxial region and a refractive power at a periphery, 
and wherein said refractive power at saif periphery is stronger than said refractive power at 
said paraxial region. — 

—72. A projection optical system according to claim 68, wherein said aspherical 
lens surface has a refractive power at a paraxial region^and a refractive power at a periphery, 
and wherein said refractive power at said periphery f etugns in the direction of said refractive 
power in said paraxial region. -- 

—73. A projection optical system Recording to claim 67, wherein the first lens group 
has a plurality of negative lenses.— 

—74. A projection optical system according to claim 67, wherein the second lens 
group has a plurality of positive lenses.— 

—75. A projection optical system according to claim 67, wherein the third lens 
group has a plurality of negative lenses.— 

—76. A projection optical system according to claim 67, wherein the fourth lens 
group has a plurality of positive lenses.— 

\ 

—77. A projection optical system accord|ng to claim 76, wherein said fourth lens 
group has a negative lens.— 



-10- 




pplication No. 09/722,506 



--78. A projection optical system according to claim 67, further comprising a fifth 



lens group, arranged in an optical pz 
having a positive refractive power. — 



th between said first surface and said first lens group, 



-79. A projection optical system according to claim 67, further comprising an 



aperture stop arranged in an optical 



surface.— 



ath between said third lens group and said second 



-80. A projection optical sj stem capable of forming an image of an object on a first 
surface onto a second surface, comprising: 

a first lens group, arranged in an optical path between said first surface and 
said second surface, having a positive refractive power and a positive lens; 

a second lens group, alranged in an optical path between said first lens group 



and said second surface, having a negative refractive po^ef and a negative lens; 



a third lens group, arranged in an optical ftat^/between said second lens group 




and said second surface, having a posit|ve refractive power and a positive lens; and 



an imagewise maximumjbumerical aperture of at least 0.8.— 

\. 

-81. A projection optical syst|m according to claim 80, further comprising a fourth 



lens group, arranged in an optical path bptween said first lens group and said second lens 



group, having a positive refractive power and a positive lens.— 



-82. A projection optical system according to claim 8 1 , further comprising a fifth 

s 

lens group, arranged m an optical path between said first lens group and said fourth lens 



group, having a negative refractive poweriand a negative lens.- 



-83. A projection optical systen| according to claim 80, wherein said first lens 
group has a negative lens.— 
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—84. A projection optical systetoi according to claim 83, wherein said negative lens 
in said first lens group is arranged most o Djectwise.— 

—85. A projection optical systei^ according to claim 80, wherein the second lens 
group has a plurality of negative lenses. — 

—86. A projection optical systemfaccording to claim 80, wherein said third lens 
group has a negative lens.— 

—87. A projection optical system According to claim 80, wherein said projection 

■ 

optical system comprises a plurality of lenses including an aspherical surface.— 

1 

—88. A projection optical system according to claim 87, wherein at least one of said 

aspherical lens surfaces has a refractive power at a paraxial region and a refractive power at a 

1 

periphery, and wherein said refractive power pt said periphery is weaker than said refractive 
power at said paraxial region.— 

—89. A projection optical system according to claim 88, wherein a different one of 

i 

said aspherical lens surfaces has a refractive pdwer at a paraxial region and a refractive power 

1 

at a periphery, and wherein said refractive power at said periphery is stronger than said 
refractive power at said paraxial region. 

—90. A projection optical system accorking to claim 87, wherein said aspherical 

A 

lens surface has a refractive power at a paraxial region and a refractive power at a periphery, 

\ 

and wherein said refractive power at said periphery is stronger than said refractive power at 

\ 

said paraxial region.— V 

... 1 

—91. A projection optical system according to claim 87, wherein said aspherical 

v 

lens surface has a refractive power at a paraxial region and a refractive power at a periphery, 
and wherein said refractive power at said periphery returns in the direction of said refractive 
power in said paraxial region.— 
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--92. A projection optical system according to claim 80, further comprising an 
aperture stop arranged in an optical pafli between said second lens group and said second 
surface.-- 

—93. A projection optical system capable of forming an image of an object on a first 
surface onto a second surface, comprising: 

a plurality of lenses; 
an aperture stop; and 

at least three aspherical surfaces arranged in an optical path between said first 
surface and said aperture stop; 

\ 

wherein said plurality of lenses arM-gSd at least three aspherical surfaces guide 

a light flux from said first surface toward said second surface, and wherein said light flux has 

1 

a maximum imagewise numerical aperture ofiat least 0.8.-- 

\ 

—94. A scanning projection exposing apparatus for projecting an image of a pattern 




on a reticle onto a photosensitive workpiece, comprising: 



a first stage that is movable along a scanning direction and supports said 

\ 

reticle at a first surface; \\ 

\ 

an illuminating optical system adjacent said first stage and arranged so as to 



illuminate the reticle with light; 



a second stage that is movable alorilg at least said scanning direction, for 

li 

supporting the photosensitive workpiece at a second surface; and 

1 

a projection optical system according to claim 67 arranged in an optical path 

v 

between said first surface and said second surface. -j 

—95. A scanning projection exposure apparatus for projecting an image of a pattern 
on a reticle onto a photosensitive workpiece, comprising: 
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a first stage that is movaqle along a scanning direction and supports said 



reticle at a first surface; 



an illuminating optical sy|tem adjacent said first stage and arranged so as to 
illuminate the reticle with light; 

a second stage that is movable along at least said scanning direction, for 
supporting the photosensitive workpiece a| a second surface; and 

a projection optical system according to claim 80 arranged in an optical path 
between said first surface and said second surface.— 

—96. A scanning projection exposure apparatus for projecting an image of a pattern 
on a reticle onto a photosensitive workpiecel comprising: 



a first stage that is movable along a scanning direction and supports said 



reticle at a first surface; 

an illuminating optical system Adjacent said first stage and arranged so as to 




illuminate the reticle with light; \. 

a second stage that is movable along at least said scanning direction, for 



supporting the photosensitive workpiece at a second surface; and 

s 

a projection optical system according to claim 93 arranged in an optical path 

! 

between said first surface and said second surface;— 

—97. A method of patterning a photosensitive workpiece with a pattern present on a 
reticle, the method comprising the steps of: 

illuminating said reticle; 

projecting light from said reticle withla projection optical system according to 



claim 67; and 



exposing said photosensitive workpiece over an exposure field.— 
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-98. A method of patterning alphotosensitive workpiece with a pattern present on a 
reticle, the method comprising the steps pf: 

illuminating said reticle; 



projecting light from said Reticle with a projection optical system according to 

claim 80: and 




exposing said photosensithlp workpiece over an exposure field.— 
-99. A method of patterning a pl^ptosensitive workpiece with a pattern present on a 
reticle, the method comprising the steps of: 

illuminating said reticle; 

\ 

projecting light from said reticle with ection optical system according to 

claim 93; and 

exposing said photosensitive workpiece over an exposure field. - 
—100. A scanning projection exposurelapparatus for projecting an image of a pattern 
on a reticle onto a photosensitive workpiece, comprising: 

\ 

a first stage that is movable alongfa scanning direction and supports said 

\ 

reticle at a first surface; | 

\ 

an illuminating optical system adjacent said first stage and arranged so as to 

\\ 

illuminate the reticle with light; \\ 

,1 

\\ 

a second stage that is movable alongjat least said scanning direction, for 

j; 

supporting the photosensitive workpiece at a second surface; and 

r 

i- 

a projection optical system, arranged[in an optical path between said first 

f 

surface and said second surface, having aberration correcting means for correcting an 
aberration of a light flux with an imagewise maximum numerical aperture of at least O.8.— 
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— 101 . A scanning projection fexposure apparatus according to claim 100, wherein 
said aberration correcting means induces an aspherical surface. -- 

-102. A scanning projection exposure apparatus according to claim 100, wherein 
said light flux with the imagewise maxilnum numerical aperture of at least 0.8 covers an 
exposure field, on said second surface, hkving a first dimension of at least 25mm.- 

-103. A method of patterning a photosensitive workpiece with a pattern present on a 
reticle, the method comprising the steps of: 




illuminating said reticle witk an illuminating optical system of said exposure 



apparatus according to claim 100; 



projecting light from said retifcle with a projection optical system of said 
exposure apparatus according to claim 100; alid 

exposing said photosensitive JLrkpiece over an exposure field.— 
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